ABSTRACT: Females of many invertebrates contain stored sperm or fertilized eggs or both, causing potential genotyping errors. We investigated errors caused by male DNA contamination by amplifying 5 microsatellites in DNA isolated from various tissue types in the nematode Ascaris lumbricoides. We observed additional alleles in 30/135 uterusderived samples when compared with muscle controls, resulting in 20/ 135 (15%) incorrect genotypes and an underestimation of inbreeding. In contrast, we observed additional alleles in only 5/143 ovary-derived samples, resulting in 4/143 (3%) incorrect genotypes and no significant influence on inbreeding estimates. Because uterus constitutes ϳ17% of a female's organ weight, a substantial proportion of samples isolated from female tissue may contain male-derived DNA. Male contamination is easily avoided when using large nematodes such as A. lumbricoides. However, we urge caution for studies using DNA isolated from small invertebrates that store sperm or fertilized eggs or both.
ABSTRACT: Females of many invertebrates contain stored sperm or fertilized eggs or both, causing potential genotyping errors. We investigated errors caused by male DNA contamination by amplifying 5 microsatellites in DNA isolated from various tissue types in the nematode Ascaris lumbricoides. We observed additional alleles in 30/135 uterusderived samples when compared with muscle controls, resulting in 20/ 135 (15%) incorrect genotypes and an underestimation of inbreeding. In contrast, we observed additional alleles in only 5/143 ovary-derived samples, resulting in 4/143 (3%) incorrect genotypes and no significant influence on inbreeding estimates. Because uterus constitutes ϳ17% of a female's organ weight, a substantial proportion of samples isolated from female tissue may contain male-derived DNA. Male contamination is easily avoided when using large nematodes such as A. lumbricoides. However, we urge caution for studies using DNA isolated from small invertebrates that store sperm or fertilized eggs or both.
Many invertebrates are extremely small. The polymerase chain reaction (PCR) has resulted in an explosion of information on the genetic structure of taxa that were previously invisible to genetic analysis. Nematodes provide a case in point. Whereas some nematodes, such as the 8-m-long Crassicauda spp. of whales, are large (Lambertsen, 1992) , these are exceptions. The vast majority of representatives of this phylum are a few millimeters in length (Chitwood and Chitwood, 1950) . A common method for conducting population genetic studies with such small organisms is simply to ''squish and amplify'' or place single individuals directly into PCR reactions (Williams et al., 1992) because dissection of such organisms is extremely difficult. A potential problem with this technique is the amplification of contaminating male DNA in females.
Females of the parasitic nematode Ascaris lumbricoides contain the DNA of males in 2 forms, i.e., stored sperm and fertilized eggs. This male-derived DNA may interfere with the accurate genotyping of the carrier female. We examine the potential for such genotyping bias by genotyping different tissue types from A. lumbricoides. Adult worms were collected from a single local population of infected individuals as part of a study on the genetics of susceptibility to helminth infection (Williams-Blangero, Subedi et al., 1999; Williams-Blangero, VandeBerg et al., 2002) . Female worms (n ϭ 30) were dissected, and the reproductive organs were removed. We extracted DNA from ovary (posterior to sperm storage organ) and uterus (anterior to sperm storage organ). Muscle tissue was also extracted from each worm and used as a somatic control.
DNA was isolated from all tissue types using standard eukaryotic DNA isolation procedures described in Blin and Stafford (1976) . In brief, approximately 200 mg of tissue was dissolved in 600 l of a buffer consisting of 10 mM Tris-Cl (pH 8.0), 0.1 M ethylene diamine tetraacetic acid (pH 8.0), 0.5% sodium dodecyl sulfate, and 20 mg/ml of proteinase K, overnight at 55 C. These samples were then twice added to an equal volume of phenol-chloroform-isoamyl alcohol (25: 24:1), mixed, and spun at 14,000 rpm for 10 min. Purified samples were precipitated with 50 l of 3 M NaCl and 2 volumes of 100% ethanol. DNA pellets were spun, dried, and rehydrated in 100 l of H 2 O. We encountered difficulty in fully digesting A. lumbricoides tissues using standard procedures, and our resulting DNA samples tended to contain impurities, causing the solution to appear cloudy. Therefore, each sample was further purified using a Qiagen Qiaquick PCR purification kit (Qiagen, Inc., Valencia, California) to purify DNA and to eliminate RNA.
We amplified 0.02 g of DNA extracted from each tissue type in 10-l PCR reactions using primer pairs for 5 dinucleotide microsatellite loci (Table I ) and a standard PCR reagent mixture (1ϫ PCR buffer, 0.25 mM deoxynucleotide triphosphate, 0.4 mM forward-labeled primer, 0.4 mM reverse primer, 0.25 U TaKaRa Taq [Takara Shuzo Co., Otsu, Shiga, Japan], 3 mM MgCl 2 , 1 l template DNA). A ramp-down PCR method was used in which an initial 5-cycle high-temperature amplification was followed by 30-cycle low-temperature amplification. The overall cycling regime was the following: an initial denaturing step (96 C for 5 min) followed by 5 cycles of high-temperature PCR (96 C for 45 sec, T a-high for 1 min, 72 C for 2 min) and 30 cycles of low-temperature PCR (96 C for 45 sec, T a-low for 1 min, 72 C for 2 min). PCR products from the separate reactions were combined for multiplexing, and 1 l of this mixture was added to a denaturing cocktail (12 l formamide, 0.5 l GeneScan 500 Liz Size Standard [Applied Biosystems, Foster City, California]). Samples were then denatured at 95 C for 5 min and electrophoresed on an ABI PRISM 3100 genetic analyzer (Applied Biosystems).
We used Genotyper v3.7 (Applied Biosystems) to systematically quantify the occurrence of contamination by male-derived DNA. Each genotype was constructed by taking the 2 highest labeled peaks in a primer size range after peak filtering under default conditions (removal of labels on peaks whose height is less than 15% that of the highest labeled peak, removal of labels from peaks preceded by higher labeled peaks within 1.6 bp, and removal of labels from peaks followed by higher labeled peaks within 3 bp). In the event that only 1 labeled peak remained after filtering, the genotype was called a homozygote. Genotypes derived from muscle tissue DNA were assumed to represent the true allelic peaks and were used for comparison.
We identified 2 different types of contamination. First, we identified cases in which analyses of ovary-or uterus-derived DNA yielded the correct genotype but also resulted in ''overflow'' (1 or more additional labeled peaks) after peak filtering (Fig. 1b) . Second, we identified cases in which analysis of ovary-or uterus-derived DNA resulted in an erroneous genotype (Fig. 1c) . In the second case, 1 or more of the overflow peaks were higher than the true allelic peak as defined by the muscle genotype. The level of contamination present in either uterus or ovary was determined by comparing the genotype at each locus with the muscle-derived genotype. If PCR failed to result in an amplified product with either tissue type, no comparison was made. This procedure resulted in a total of 135 comparisons for uterus and 143 comparisons for ovary (out of a possible 150 comparisons). It is possible that our failure to amplify a PCR product for a number of genotypes could indicate null alleles. However, the presence of null alleles is unlikely because the DNA samples in question were typically problematic for all loci, suggesting that the DNA was of poor quality.
Both reproductive tissue types yielded potentially contaminated samples of DNA when compared with muscle tissue in females (Table II) . Uterine tissue yielded 30 of 135 amplifications (22.2%) with overflow peaks, whereas only 5 of 143 (3.5%) amplifications from ovary had additional peaks. This disparity between reproductive tissue types was significant ( 2 ϭ 22.11, P Ͻ 0.0005, 1 df). It is likely that the contamination observed in ovary tissue is the result of stored, male-derived DNA released from the uterus or seminal receptacle during dissection or sample thawing. In female A. lumbricoides, ovary tissue is invariably wrapped tightly around or in close proximity to uterus tissue, resulting in a high potential for cross-contamination to occur. In any event, the contamination of DNA isolated from ovary tissue was rare in comparison with DNA isolated from uterus.
Of the 5 loci examined, 3 had at least 1 contaminated amplification in ovary samples, and all 5 had contaminated amplifications in uterus samples. The putatively male-derived alleles were often present at much higher intensity (Ͼ6 times higher in 1 case) than the true genotypic alleles and in most cases changed the genotype. This resulted in 4 of the 5 contaminated ovary samples yielding erroneous genotypes, where- 60, 55 9 FIGURE 1. Electropherograms of 3 tissue types from the same individual at locus ALAC08, showing approximate sizes (bp) of allelic peaks and contaminant peaks. Muscle tissue (a) was amplified as a somatic control and shows 2 characteristic alleles. There is contamination in both ovary (b) and uterus (c) tissue, represented by nonnative peaks that are not present in muscle samples. Although contamination is apparent in the ovary sample, the intensity of the contaminant peak is low. The contaminant peaks in uterine tissue are present at intensities that alter both alleles in the genotype.
TABLE II. Proportion of contamination present in DNA samples isolated from ovary (Ov.) and uterus (Ut.). The sample size in each case (in parentheses) pertains to the number of genotypes compared that had information for both reproductive tissue and a muscle control. To measure the analytic effect of the genotypic disparity among tissue samples, we used the program Cervus 2.0 (Marshall et al., 1998) to assess observed heterozygosity, and the program FSTAT (Goudet, 2001) to estimate F is (Weir and Cockerham, 1984) within our samples derived from 3 tissue types. F is is a measure of inbreeding that may be described as the deviation of individual observed heterozygosity from expected heterozygosity caused by nonrandom mating within a population (Keller and Waller, 2002) . Previous studies using mitochondrial DNA and allozymes have demonstrated inbreeding in natural populations of A. lumbricoides, perhaps as a consequence of aggregated distribution of worms among hosts (Anderson et al., 1995; Nadler et al., 1995) . As a result, there may be a natural deficit of heterozygous genotypes within a worm population with respect to expectations, given random mating (Hardy-Weinberg equilibrium expectations). However, this loss of heterozygosity could potentially be masked by the presence of contaminating alleles within a sample. For instance, heterozygosity in muscle and ovary tissue in this study was 0.47 and 0.46, respectively, whereas in uterus tissue, heterozygosity was 0.54. As a result, muscle and ovary DNA showed significant levels of inbreeding (15,000 randomizations over 5 loci), with F is values of 0.15 (P ϭ 0.0005) and 0.186 (P ϭ 0.0001), respectively, whereas an analysis based on uterus genotypes resulted in levels of inbreeding that were not significant (F is ϭ 0.05, P ϭ 0.1499).
The data suggest that uterine tissue may contain large amounts of male-derived DNA that can potentially interfere with population genetic analyses of A. lumbricoides. This foreign DNA may exist in 2 forms. First, sperm injected into the female during copulation and stored thereafter may itself yield significant quantities of DNA upon isolation to generate an amplified product during PCR. Second, fertilization occurs when eggs pass from the oviducts into the seminal receptacle of the female. DNA isolated from tissue anterior to the seminal receptacle will contain fertilized eggs, and both male and female genotypes will be represented. Uterine tissue constitutes approximately 17% of the total organ weight of female A. lumbricoides (13.8-19 .8% in a sample of 17 females). Hence, failure to remove uterine tissue before DNA preparation may likely result in spurious genotypes for this organism. We did not explicitly test for discrepancies between whole-worm and muscle tissue genotyping results in this study because our aim was to identify suitable tissue for A. lumbricoides DNA preparation. Indeed, the contaminating effects demonstrated here may not appear in whole-worm preparations, especially in the event that DNA content is higher in somatic cells than in germ-line cells. However, the magnitude of the discrepancies between uterus and muscle genotypes from A. lumbricoides and the large contribution of uterine tissue to total body mass suggest that spurious male-derived alleles may constitute a real problem for nematode population genetics. Furthermore, if the morphometrics of small nematode species are similar to A. lumbricoides, whole-worm DNA preparations from female worms may contain substantial amounts of male DNA. Until these issues are resolved, the use of male worms may be the simplest way to avoid errors in species where sexes can be discriminated. For nematode species in which sexes cannot be easily ABSTRACT: We examined whether periparturient dairy cattle shed Cryptosporidium parvum oocysts within 12 hr of calving on 3 commercial dairy farms endemic for calfhood cryptosporidiosis. Using a diagnostic method that can detect as few as 1 oocyst per gram of feces, we found no evidence of C. parvum oocysts in 86 fecal samples collected within 12 hr of calving from 43 dairy cows.
Cryptosporidium parvum has emerged as a ubiquitous waterborne protozoal pathogen. It is unclear what percentage of human cryptosporidiosis is attributable to livestock-derived, waterborne C. parvum (McLauchlin et al., 2000) , but reducing the likelihood of animal agricultural operations contaminating surface water with infective C. parvum oocysts will help safeguard both water quality and public health. One strategy for minimizing the likelihood of an animal agricultural operation contaminating surface water with infective C. parvum oocysts is to reduce the incidence and intensity of fecal shedding of C. parvum oocysts in livestock (Atwill et al., 1999; Mohammed et al., 1999; Hoar et al., 2001) . Minimizing infection among calves is essential for this strategy to succeed, given the fact that calves typically produce the majority of C. parvum oocysts shed within a herd (Atwill, Harp et al., 1998; Atwill, Johnson et al., 1998; Fayer et al., 1998 Fayer et al., , 2000 Kuczynska and Shelton, 1999; Grazyck et al., 2000; Uga et al., 2000; Wade et al., 2000; Huetink et al., 2001) . What remains unresolved with respect to preventing calfhood infection with C. parvum is whether pre-or postparturient cows are a significant biological reservoir for newborn calves (Scott et al., 1995; Atwill, Harp et al., 1998; Faubert and Litvinsky, 2000; Fayer et al., 2000; Huetink et al., 2001) .
The goal of this project was to examine whether periparturient dairy cattle shed C. parvum oocysts within 12 hr of calving on dairy farms endemic for calfhood cryptosporidiosis, using a highly sensitive diagnostic method (Pereira et al., 1999) . On the basis of the observation that the majority of dairy calves acquire C. parvum infection within a few weeks of age, we might expect over 90% of parturient cows to (Pereira et al., 1999) . † N ϭ 12; log-likelihood for estimated model, Ϫ67.0.
shed C. parvum if they function as the primary source of infection for these calves. Three commercial dairy herds in Tulare, California, were selected for the study. For dairies A, B, and C, a random sample of 13, 15, and 15 periparturient cows, respectively, were enrolled in the study. From each enrolled cow, a pair of fecal samples was collected per rectum up to 12 hr before calving and again not more than 12 hr after calving.
Immunomagnetic separation of oocysts coupled with direct immunofluorescent microscopy (IMS-DFA) was used to enumerate C. parvum oocysts, described previously (Pereira et al., 1999) . In brief, 2 g of feces was resuspended in 40 ml of phosphate-buffered saline and strained, and the resulting suspension was centrifuged for 10 min at 1,000 g. The supernatant was discarded, and the pellet was resuspended in 10 ml of distilled water and transferred to leighton tubes for immunomagnetic separation using the Dynabeads anti-Cryptosporidium assay, as described by the manufacturer (Dynal, Inc., Lake Success, New York). Oocysts were labeled using a fluorescein isothiocyanate-labeled anti-Cryptosporidium monoclonal antibody assay (Waterborne, Inc., New Orleans, Louisiana) and read at ϫ400.
Raw data for estimating test sensitivity for this assay have been previously described (Pereira et al., 1999) . Percent recovery (r) was defined as r ϭ x/k, where x was the observed number of oocysts counted for each fecal sample and k the total number of oocysts present in the sample. The variable k was further decomposed into cW, where c was the concentration of oocysts per gram of feces and W the mass of fecal material examined per assay (Hoar et al., 2000) . A flexible model for characterizing the variance of r and one that allows for covariates and clustering effects to enter the model is a negative binomial regression, derived as a Poisson-gamma mixture distribution (Hardin and Hilbe, 2001) . With the observed number of oocysts per assay set as the outcome variable, oocyst concentration was modeled as a continuous variable, number of spiked oocysts per fecal sample was the exposure term, and the cow no., i.e., source of the feces, was set as a cluster or group variable to adjust the standard errors for potential intracow dependencies on oocyst recovery.
Test sensitivity S(c) for a randomly selected sample with c oocysts per gram feces was defined as the probability of detecting 1 or more oocysts per assay given that oocysts were present, equivalent to 1 minus the probability that zero oocysts were detected. For the negative binomial regression model under consideration (Hardin and Hilbe, 2001) , the sensitivity equation was
whereby the mean of the negative binomial equals , overdisper-
sion ϭ 1 ϩ are defined above, equals the percent
␣c W e , c and W e i i i i recovery of the diagnostic assay as a function of covariates, and ␣ is an ancillary parameter for modeling dispersion. None of the 86 fecal samples collected from 43 periparturient dairy cows on 3 different commercial dairies in California had detectable levels of C. parvum oocysts. Each of these dairies is endemic for C. parvum infection in young calves, whereby over 90% of calves typically become infected before 30 days of age (Atwill, Harp et al., 1998) . Newborn calves on these dairies typically spend less than 6 hr with the dam before being moved to calf hutches. This creates a 6-hr window of exposure between the newborn calf and its dam. Based on these data, the assumption that periparturient cows function as the primary reservoir of C. parvum oocysts for newborn calves appears incorrect for these commercial dairies. The biological source of oocysts for newborn calves is either nonparturient bovines, such as the older, yet infected, 1-to 3-wk-old dairy calves, or nonbovine vertebrate sources either on or off the dairy.
This finding of no detectable shedding of C. parvum oocysts is consistent with previous work in periparturient dairy cattle in California (Atwill, Harp et al., 1998) but is in contrast to a study conducted on a research dairy farm in Quebec, Canada, in which cows were sampled during the periparturient period and were found to shed concentrations of oocysts ranging from a mean of 100 to 500 oocysts per gram of feces (Faubert and Litvinsky, 2000) . More generally, the reported prevalence of fecal shedding of C. parvum oocysts in adult beef and dairy cattle varies widely in the literature, ranging from a low of 0-10% prevalence (Villacorta et al., 1991; Olson et al., 1997; Atwill, Harp et al. 1998; Atwill et al., 1999; Fayer et al., 2000; Hoar et al., 2000; Wade et al., 2000; Huetink et al., 2001 ) to highs of 20-70% (Lorenzo et al., 1993; Scott et al., 1995; Grazyck et al., 2000) . This variation is due in part to different investigators studying different populations of cattle using diagnostic methods of differing sensitivity and specificity, but it is also likely that a systematic difference in the medical ecology of asymptomatic adult shedding of bovine C. parvum exists between these low and highly infected populations of cattle. For example, a hypothesis test for a significant difference between the prevalence of oocyst shedding reported for adult dairy cattle in New York State (0%, 0/998) (Wade et al., 2000) and the prevalence reported for adult beef cattle in Scotland (62.4%, 345/553) (Scott et al., 1995) has an exact P value of 0.002 (95% confidence interval [CI] for difference in prevalence, 0.58, 0.67). Using our current data, a hypothesis test for a significant difference between the prevalence of oocyst shedding reported for adult dairy cattle in California (0%, 0 of 86 cattle) and the prevalence reported for adult cattle in Spain (70%, 92 of 131 cattle) (Lorenzo et al., 1993 ) also has an exact P value of 0.002 (95% CI for difference in prevalence, 0.61, 0.80).
One explanation for not finding detectable levels of C. parvum oocysts in our periparturient dairy cattle is that we used an insensitive method to detect oocysts. This speculation is likely to be incorrect given the fact that the IMS-DFA remains the most sensitive method published to date (to our knowledge) for detecting C. parvum oocysts in adult bovine feces (Pereira et al., 1999) . The maximum likelihood estimates for the percent recovery of data presented in Pereira et al. (1999) for the baseline IMS-DFA procedure ranged from 27.4 to 44.8% for 1,000 and 100 oocysts per gram of feces, respectively (Table I) . Using these values for test recovery, the estimated sensitivity function, S(c), described in equation 1 is shown in Figure 1 . The concentration of oocysts detected with a 90% probability (DT 90 ) occurred at 2.4 oocysts per gram of feces, and the probability of detecting just 1 oocyst per gram of feces was 64% (Fig. 1) . Therefore, if we assume that our study population of periparturient dairy cattle was shedding oocysts similar to the mean of 500 oocysts per gram of feces reported from Quebec, Canada (Faubert and Litvinsky, 2000) , the probability that our diagnostic method failed to detect 1 or more oocysts from such a cow would be P Ͻ 1 ϫ 10
Ϫ10
. Intensities of fecal shedding have been reported for cows and heifers in Pennsylvania (range of 90-371 oocysts per g of feces) and for 6-to 10-yr-old cattle in Scotland (range from 25, to 1.8 ϫ 10 4 oocysts per g of feces) (Scott et al., 1994; Grazyck et al., 2000) . The probability of our diagnostic method failing to detect 1 or more oocysts from similarly FIGURE 1. The sensitivity of immunomagnetic separation coupled with immunoflourescent microscopy for detecting Cryptosporidium parvum oocysts in feces of adult dairy cattle.
infected animals would range from P ϭ 1.4 ϫ 10 Ϫ6 for cattle shedding 25 oocysts per g of feces to P Ͻ 1 ϫ 10 Ϫ10 for cattle shedding 18,000 oocysts per g of feces. If cattle are shedding moderate to high intensities of oocysts (Ն25 oocyst per g of feces) in our study population, then they must occur at very low prevalences, and we would need a larger sample size to detect these rare cattle. In conclusion, these data suggest that there are substantial and systematic differences in the medical ecology of C. parvum infection in adult dairy cattle from different regions both within and outside the United States. (WHO, 1997) . During chronic chagasic cardiomyopathy, microvascular alterations and ventricular remodeling with extensive fibrosis may lead to enlargement of the heart and sudden death (Higuchi, 1997).
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Interferon-␥ (IFN-␥) is one among the cytokines that contribute to resistance in mammalian hosts during early acute infection with T. cruzi (Torrico et al., 1991; Cardillo et al., 1996; Hunter et al., 1996; Romanha et al., 2002) . During cell-mediated immunity, induced by intracellular pathogens, IFN-␥ is produced by Th1 cells (Boehm et al., 1997) . In addition, IFN-␥ also stimulates innate cell-mediated immunity through natural killer cells (Cardillo et al., 1996) . Furthermore, interleukin (IL)-12 stimulates production of IFN-␥ (Cardillo et al., 1996; Hunter et al., 1996) . In humans with Chagas' disease, a potent IFN-␥ response is generated in mononuclear cells by T. cruzi trans-sialidase (Ribeirão et al., 2000) and by T. cruzi cruzipain on T-cell lines (Arnholdt et al., 1993) . Inflammatory mediators such as tumor necrosis factor-␣, IFN-␥, IL-1␤, and nitric oxide are synthesized in the myocardium of infected experimental animals, as well as individuals with chagasic chronic cardiomyopathy Abel et al., 2001; Dos Santos et al., 2001; Chandra et al., 2002) .
Inducibly expressed guanosine triphosphatase (IGTP), a 48-kDa guanosine triphosphate-binding protein, is one member of a group of at least 6 proteins induced by IFN-␥ (Taylor et al., 1996) . This family also includes LRG-47 (Sorace et al., 1995) and GTPI (Boehm et al., 1998) . Members of this family have been implicated in an IFN-␥-induced mechanism that confers resistance against intracellular pathogens. IGTP is highly expressed in the thymus and is expressed at lower intensity in the spleen, lung, and small intestine (Taylor et al., 1996) . After stimulation by IFN-␥, macrophages and fibroblasts exhibit enhanced IGTP expression (Taylor et al., 1996) . The physiological function of IGTP is not known, but it may be associated with processing or trafficking of proteins because of its localization in endoplasmic reticulum (Taylor et al., 1997) . IGTP null mice exhibit normal immune cell development and normal clearance of Listeria monocytogenes and cytomegalovirus infections; however, the mice exhibit loss of host resistance to acute experimental Toxoplasma gondii infection (Taylor et al., 2000) . IGTP has also been reported to be important in resistance against, and in IFN-␥-mediated inhibition of, T. gondii in astrocytes (Halonen et al., 2001) . Recently, it has been shown that host resistance mediated by IGTP is a Stat1-induced function that acts predominantly to restrict acute as opposed to chronic T. gondii infection (Collazo et al., 2002) . Based on these findings, we investigated the effect of IGTP deficiency on parasitological parameters and cardiac pathology in mice chronically infected with T. cruzi.
Male IGTP null (bred on a C57BL/6 ϫ 129sv genetic background) and C57BL/6 ϫ 129sv wild type (WT) mice (6-8 wk old) were infected intraperitoneally with 1 ϫ 10 3 trypomastigotes of the Brazil strain of T. cruzi. The IGTP null mice were bred in our own facility from a founding pair obtained from G.A.T. Parasitemia, mortality, and histopathology were evaluated. There were 4 groups of mice: uninfected IGTP null mice (n ϭ 6), infected IGTP null mice (n ϭ 8), uninfected WT mice (n ϭ 7), and infected WT mice (n ϭ 7).
Parasitemia was assessed by counting parasites in a hemocytometer chamber and was evaluated beginning on day 25 postinfection and every 15 days thereafter. The mean parasitemia was 8 ϫ 10 4 trypomastigotes/ml and was not different in IGTP null mice compared with WT mice. Parasitemia waned and was undetectable by 40 days postinfection. All mice survived acute infection and were monitored by in vivo cardiac magnetic resonance imaging (MRI) at 6 mo postinfection. To perform these studies, mice were anesthetized with ketamine-xylazine, and electrocardiographic leads were attached to their limbs. Mice were placed in animal holders designed to position the heart at the center of the MRI coil. Cardiac gating was accomplished as previously described , by using the rising phase of the QRS complex of the electrocardiogram to generate a standard 5-V square-wave gating signal that triggered data acquisition. Images were acquired using a 9.4-T wide-bore GE Omega spectrometer operating at a proton frequency of 400 MHz and equipped with 50-mm shielded gradients and a 35-mm 1 H home-built imaging coil. After locating the heart in scout images, multislice spin echo imaging was performed to obtain 4 short-axis images within approximately 5 min. Data were transferred to a PC, where images were analyzed using home-designed software using MATLAB technical computing language (The Mathworks, Natick, Massachusetts). Left ventricle (LV) and right ventricle (RV) dimensions (in mm) were determined. The left ventricular inner dimension (LVID) corresponds to the average of the septal-lateral and anterior-posterior LVID. The LV wall is the average of the anterior, posterior, lateral, and septal walls. The right ventricular inner dimension (RVID) is the widest point of the right ventricular chamber. Fig. 1 shows examples of the MRI images of uninfected and infected IGTP null mice and WT mice. Statistical significance (P Ͻ 0.05) was evaluated using a parametric Student's ttest for the MRI data.
At the end of the MRI study, mice were killed, and hearts were fixed in 10% phosphate-buffered formaldehyde, paraffin-embedded, and stained with hematoxylin and eosin. The hearts of infected and uninfected mice were examined in a blinded fashion and assessed semiquantitatively for the degree of inflammation and fibrosis as previously described (Morris et al., 1989) . All infected mice exhibited chronic inflammation, fibrosis, focal necrosis, and vasculitis. There was no significant difference between the degree of pathology observed in infected IGTP null mice and infected WT mice. Table I . The LVID of uninfected IGTP null mice was significantly larger than that of uninfected WT mice, although LV wall thickness was not significantly different from that of uninfected WT mice. The RVID of uninfected IGTP null mice was also larger than that of uninfected WT mice. It is not known at this time whether the observed dilatation of both ventricular chambers in the uninfected IGTP null mice is related to the IGTP gene. To determine whether the increased ventricular chamber dimensions observed in uninfected IGTP null mice were a specific effect of the deficiency of the IGTP protein, we measured the cardiac dimensions of a group of 4 uninfected LRG-47 null mice. LRG-47 is another IFN-␥-induced protein. The LVID (3.77 Ϯ 0.1 mm) and the RVID (2.44 Ϯ 0.1) of LRG-47 null mice were not significantly different from the values measured for the uninfected IGTP null mice reported in Table I . However, LV wall thickness (0.96 Ϯ 0.06 mm) in uninfected LRG-47 null mice was significantly smaller than in either uninfected IGTP null or uninfected WT mice. The LVID and the RVID of both IGTP null and LRG-47 null mice were significantly larger than those of WT mice. Taken together, these results suggest that left and right ventricular chamber dilatation is a feature of deficiency of either IGTP or LRG-47, whereas LV wall thickness appears to be affected only by the LRG-47 gene and not by IGTP.
IGTP null mice were infected with the Brazil strain to determine whether this gene might contribute to the pathogenesis of murine chagasic cardiomyopathy. Chronic T. cruzi infection is associated with a significant increase in the RVID of both WT mice and IGTP null mice; however, infection did not appear to have a significant effect on LV dimensions (see Table I ). Our data indicate that infected IGTP null mice exhibit chronic cardiomyopathy as determined by histopathology and cardiac MRI. These results are similar to those of our previous studies on mice infected with Brazil strain of T. cruzi. Infected mice of various mouse strains typically exhibit dilated RV. For example, we have previously shown that infected WT mice, CD1 or C57BL/6 ϫ 129sv, exhibit almost doubling of the RVID (1.95 Ϯ 0.13 vs. 3.12 Ϯ 0.35 for CD1 and 1.59 Ϯ 0.04 vs. 3.00 Ϯ 0.38 for C57BL/6 ϫ 129sv) . This effect is reduced in infected iNOS null mice (which exhibit approximately 40% increase in RVID). Although the RVID of infected IGTP null mice was significantly increased, the 1.25-fold increase in RV dilatation in IGTP null mice was significantly less than the 2.0-fold increase observed in WT mice. Because the uninfected IGTP null mice already exhibit an enlarged RV relative to uninfected WT mice, it is possible that a further increase in RVID beyond ϳ3.0 mm is not attainable. IGTP null mice are bred on a C57BL/6 ϫ 129sv genetic background, which we have demonstrated is ordinarily resistant to acute infection with the Brazil strain. Infection of C57BL/6 ϫ 129sv mice with the Brazil strain does not usually result in acute mortality, but rather the mice gradually develop chronic cardiomyopathy (Trischmann et al., 1978; Huang et al., 1999; Jelicks et al., 1999 Jelicks et al., , 2002 . Therefore, the strain of the parasite, as well as the genetic background of the mouse, determines the mortality and progression to chronic disease.
Cardiac-gated MRI is an important tool for the serial evaluation of cardiac structural abnormalities in normal, null, and transgenic mice. We have used both echocardiography and cardiac MRI to evaluate the effects of T. cruzi infection in a variety of mouse strains and during therapeutic interventions Jelicks et al., 1999; Chandra et al., 2002) . In our previous studies, we observed increased RVID in mice during the chronic phase. In this study, absence of the IFN-␥-inducible gene IGTP appears to attenuate the degree of right ventricular remodeling but does not ameliorate the severity of the cardiac pathology associated with chronic T. cruzi infection. Yau aborigines, and 7.9% for Han people, respectively. No significant gender difference in seroprevalence was found among any of the groups (P Ͼ 0.05). The results of a multiple logistic regression analysis for Yau aborigines and Han people showed that the older the age, the higher the odds ratios (OR) of being seropositive (OR ϭ 3.0, 95% confidence interval [CI] ϭ 0.5 to 16.9, P Ͻ 0.001 and OR ϭ 1.5, 95% CI ϭ 0.3 to 8.0, P ϭ 0.06 for the elderly group vs. the child group for the Yau aborigines and Han people, respectively). In contrast, the OR was lower among older Akka aboriginal populations (OR ϭ 0.1, 95% CI ϭ 0.0 to 0.4, P Ͻ 0.001). Ethnically, Yau aboriginal populations had a significantly higher seroprevalence than did the Akka aborigines and Han people (P Ͻ 0.001).
Infection by the protozoan parasite Toxoplasma gondii is widely prevalent in animals and humans worldwide (Dubey and Beattie, 1988) . In the United States, the T. gondii-associated annual economic public health burden reportedly exceeds US$400 million (Roberts et al., 1994) . There have been many reports concerning the seroprevalence of T. gondii infection in humans around the world (Dubey and Beattie, 1988; Frenkel et al., 1995; Ljungstrom et al., 1995; Jenum et al., 1998; Fan et al., 2001; Jones et al., 2001 ). However, in general, reports concerning the seroprevalence of T. gondii infection in residents, including aborigines, in remote mountain areas are rather rare (Hakim et al., 1994; Fan et al., 1998 Fan et al., , 2002 Chacin-Bonilia et al., 2001 ).
In the mountainous areas at elevations of 1,100-1,400 m in ChiangRai Province in northern Thailand live many Chinese refugees, including several different aboriginal populations and the Han peoples who migrated from southern China during [1949] [1950] [1951] [1952] . Of these, the Akka and the Yau are the largest among the aboriginal populations. Both aboriginal populations and the Han people differ in their traditional culture and food habits (C. K. Fan, pers. obs.). Toxoplasmic encephalitis is a major disease in acquired immunodeficiency syndrome (AIDS) patients (Jones et al., 2001) . Reportedly, one of the highest rates of human immunodeficiency virus (HIV) infection occurs in Chiang-Rai Province in northern Thailand (Siriarayapon et al., 2002) , and the immune status of the latent T. gondii infection among the aboriginal Chinese refugees and Han people there remains unknown. On humanistic grounds, medical services from Taipei Medical University, Taiwan, were provided, and in addition, a seroepidemiological survey of T. gondii antibodies in aboriginal and Han refugees was conducted during January 2003 using the latex agglutination (LA) test.
In the present study, 2 Akka and 4 Yau aboriginal villages as well as 1 Han refugee village, located in the mountainous areas of ChiangRai Province, northern Thailand, were included (Fig. 1) . In total, 597 serum samples were obtained by finger bleeding (0.5-0.6 ml), using a sterile commercial blood lancet (Varde, Copenhagen, Denmark); of these, 154 serum samples, including those of 41 males and 113 females from Akka, 61 males and 171 females from Yau, and 83 males and 184 females from the Han people, were randomly collected from apparently healthy individuals. The mean age was similar for both genders and ranged between 7 and 89 yr in all 3 populations. All sera were screened by the T. gondii latex agglutination test using commercial reagents (TOXO Test-MT, Eiken Co., Tokyo, Japan). The test was performed according to the manufacturer's instructions. Sera found positive at a titer Ն1:32 to 1:1,024, were regarded as positive. We used the LA test because of its simplicity and qualitative agreement with the dye test (Balfour et al., 1982) .
Subjects were categorized into 3 age groups (child group, Յ20 yr; adult group, 20-60 yr; and elderly group, Ն60 yr) for the 3 populations. Statistical analysis was performed using the SAS software system (SAS Institute, Cary, North Carolina). The increasing trend of age-specific seropositive rates was tested for statistical significance by using the chisquare test for trends. Multivariate-adjusted odds ratios (ORs) with their 95% confidence intervals (CIs) were estimated through multiple logistic regression analysis.
Antibodies to T. gondii were found in 123 (20.6%) of 597 sera, with a seropositivity of 7.9% (21 of 267) for Han people, 9.1% (14 of 154) for Akka aborigines, and 37.9% (88 of 232) for Yau aborigines (Table  I) . To our knowledge, both aboriginal populations have the habit of consuming various types of meat, including pork, and they also more frequently hunt wild animals and eat raw meat and visceral organs than do Han people (C. K. Fan, pers. obs.). However, ethnically, the seropositive rate in Yau aborigines was significantly higher (P Ͻ 0.001) than that of either the Akka aborigines or the Han people in northern Thailand in the present study. In contrast, no significant difference (P Ͼ 0.05) in seropositivity was observed between Akka aborigines and Han people. Nevertheless, the seroprevalence in the Yau aborigines (37.9%) was higher than that of the Ames (10%), Yami (18%), Atayal (19.4%), and Paiwan (26.7%) aboriginal people surveyed in different parts of Taiwan and that of the Orang Asli aboriginal people (10.1%) in Malaysia (Tsai and Cross, 1972; Cross and Hsu, 1989; Hakim et al., 1994; Fan et al., 2002) . Interestingly, the seroprevalence in Han people was low, which may be related to their traditional eating habits of consuming sufficiently cooked foods like the Han people of Taiwan. The seroprevalence of T. gondii infection varies ethnically and may be ascribed to greater exposure to T. gondii tissue cysts through eating raw or undercooked meat during hunting or during food preparation (Wallace, 1976) .
The multiple logistic regression analysis revealed that the older the age, the higher the ORs in Yau aborigines and Han people (OR ϭ 3.0, 95% CI ϭ 0.5 to 16.9, P Ͻ 0.001 and OR ϭ 1.5, 95% CI ϭ 0.3 to 8.0, P ϭ 0.06 in the elderly group vs. the child group for Yau aborigines and Han people, respectively). The OR was, conversely, lower among the older Akka aborigines (OR ϭ 0.1, 95% CI ϭ 0.0 to 0.4, P Ͻ 0.001). Seroprevalence generally increased with age, as seen in studies conducted in other countries (Dubey and Beattie, 1988) . Nevertheless, the mean seroprevalence among children (25.0%, 8 of 32) and elderly people (19.9%, 38 of 191) in the 3 populations was high in the present study. It is noteworthy that because children and elderly people have weaker immunity to various pathogens, these 2 populations might be more susceptible to T. gondii infection than young adults (Beverley et al., 1976) . Therefore, to protect these populations in northern Thailand from T. gondii infections, providing them with enhanced knowledge of hygiene and educating them appears to be a very urgent need.
Females had higher seropositive rates than males in all 3 populations, yet no significant difference in seroprevalence between both genders was found in the present study. To our knowledge, most females often take charge of food preparation and cooking in the 3 populations, thus the higher seroprevalence of females could be alternatively explained by their greater opportunity for exposure to T. gondii infection. How-ever, several studies have reported gender differences in the prevalence of latent T. gondii infection. In some instances, the prevalence was found to be higher in females (Ghorbani et al., 1981) , whereas in others it was higher in males (Khadre and El Nageh, 1987) , although Griffin and Williams (1983) found no gender difference. Gender differences in seroprevalence in most studies have been attributed to greater exposure to infected meat by either females or males, depending on food habits and culture (Dubey and Beattie, 1988) .
Furthermore, it was recently reported that people with latent T. gondii infection have a higher risk of traffic accidents than noninfected people (Flegr et al., 2002) . It may be relevant to examine not only whether a higher frequency of traffic accidents in T. gondii-infected Chinese refugees residing in mountainous areas of northern Thailand leads to increased economic problems, but also whether they are more likely to develop toxoplasmosis upon acquiring HIV infection.
The ABSTRACT: Jasmonates are a group of small lipids produced in plants, which function as plant stress hormones. We have previously shown that jasmonates can exert significant cytotoxic effects upon human cancer cells. The purpose of the present study was to determine the effects of jasmonates on parasites. To that end, we chose 2 major human blood parasites, Plasmodium falciparum, a unicellular parasite, and Schistosoma mansoni, a multicellular helminth parasite, and studied the effects of jasmonates on these parasites in vitro. We found that jasmonates are cytotoxic toward both parasites, with P. falciparum being the more susceptible. Jasmonates did not cause any damage to control human erythrocytes at the maximum concentration used in the experiments. This is the first study demonstrating the antiparasitic potential of plant-derived jasmonates. Jasmonates are plant stress hormones derived from linolenic acid by the octadecanoid pathway (Sembdner and Parthier, 1993) . Jasmonic acid (JA) induces intracellular signals in response to injury, and methyl jasmonate (MJ) causes the induction of a proteinase inhibitor, which is accumulated in response to injury or pathogenic attacks (Farmer and Ryan, 1990) . A coordinated activation of programmed cell death and defense mechanisms often accompanies the antimicrobial response of plants and animals (Mitler and Lam, 1996) . In plants, this response results in the formation of a zone of dead cells around the infection site and the accumulation of antimicrobial agents, such as pathogenesisrelated proteins and phytoalexins (Dangl et al., 1996) .
Recently, we found that jasmonates are directly cytotoxic for various types of human cancer cells derived from breast, prostate, skin, and blood cancers. Whereas jasmonates cause death in human leukemic Molt-4 cells, they do not damage normal lymphocytes (Fingrut and Flescher, 2002) . To the best of our knowledge, there is to date no report in the literature regarding an effect of jasmonates against human parasites. Because we discovered the direct deleterious effects of jasmonates on human cancer cells, we decided to investigate whether jasmonates are capable of causing damage to human parasites. To that end, we studied 2 major human parasites, Plasmodium falciparum (an intraerythrocytic protozoan parasite, which is the causative agent of the most severe form of malaria) and Schistosoma mansoni (a parasitic worm residing in blood vessels, causing a major human infestation). We explored the effects of 3 compounds of the jasmonate group: MJ, JA, and cis-jasmone (CJ), whose structures are depicted in Figure 1 .
All the reagents used were purchased from Sigma Chemicals (St. Louis, Missouri) unless otherwise stated. JA (3-oxo-2-[2-pentenyl]cyclopentaneacetic acid), MJ (methyl 3-oxo-2-[2-pentenyl]cyclopentaneacetic acid), and CJ (3-methyl-2-[2-pentenyl]-2-cyclopenten-1) were dissolved in ethanol.
The culturing and cytotoxicity assay of Pankova-Kholmyansky et al. (2003) was used for P. falciparum. The FCR-3 strain of P. falciparum parasites was cultured asynchronously in vitro as described by Trager and Jensen (1976) . Parasites were grown in Roswell Park Memorial Institute (RPMI) 1640 medium with 10% human plasma, 25 mM NaHCO 3 , and 25 mM N-2-hydroxyethylpiperazine-NЈ-2-ethane-sulfonic acid (HEPES), displaying a hematocrit of 2-4%, under an atmosphere of 3.5% CO 2 , 3.5% O 2 , and 93% N 2 . Parasite growth and jasmonate cytotoxicity were monitored for 24 hr and were determined by percentage of infected erythrocytes (parasitemia) through observation of Giemsa-stained smears. The parasitemia in control (untreated) parasites was 15-30%. The differences between control and treated cultures enabled the determination of parasite growth inhibition.
Human erythrocytes were incubated in 96-well flat-bottom plates for 24 hr in the same medium used for culturing the P. falciparum parasites (see above), in the presence of different concentrations of jasmonates. The plates were then centrifuged, the supernatants transferred to other plates, and their optical densities read at 412 nm in an automated enzyme-linked immunosorbent assay reader. The readings reflect the presence of extracellular hemoglobin in the cultures. Readings of complete (100%) hemolysis were determined after incubation of erythrocytes in distilled water.
The following culturing and cytotoxicity assays (Gold and Flescher, 2000) were used for S. mansoni. An Egyptian strain of S. mansoni, kept in Puerto Rican Biomphalaria glabrata snails and outbred albino ICR mice, was used throughout this work. We induced cercariae shedding by subjecting infected, water-immersed snails to light for 2 hr. Cercariae (5 ϫ 10 4 /ml) were subjected to the following tail-detachment procedure: syringe-needle passage using an 18-gauge double-headed needle interconnecting two 12-ml Luer-lock syringes; cercariae were passed through the needle 7 times. Cercariae were checked under a microscope for tail detachment, placed in 60% isopycnic Percoll (Pharmacia, Uppsala, Sweden) prepared with DSM medium (see below), and treated as described by Lazdins et al. (1982) . The resultant cercariae body pellet was washed with DSM and further incubated in the medium at 37 C at a concentration of 10 4 cercariae/ml for 3 hr to enable conversion of the cercariae to schistosomula. Schistosomula were then assessed for viability, in the presence and absence of the jasmonates, as follows: approximately 50 schistosomula were introduced into the wells of 96-well flat-bottomed microtiter plates (Sterilin, Stone, U.K.) and incubated at 37 C for 24 hr in DSM in an atmosphere consisting of 6% CO 2 in air. The viability of incubated schistosomula was assessed by microscopy (Olympus inverted microscope, ϫ100 or ϫ200 magnification; Olympus Co., Tokyo, Japan). Viability assessment was based on granularity and motility, as well as on methylene blue uptake (Gold, 1997). Unstained schistosomula were considered dead when they lacked motility, or were characteristically granular, or took up the stain.
The medium used for culture of schistosomules, DSM, consisted of an equal-parts mixture of RPMI 1640 and F-12 (GIBCO-BRL, Gaithersburg, Maryland) supplemented with 2 mM glutamine, 20 mM HE-PES, 100 U penicillin/ml, and 100 g streptomycin/ml, with gentamycin being added at 50 g/ml when necessary.
The statistical significance of the results was determined by 2-sided Student's t-test. Results are presented as means Ϯ standard deviation of at least 3 repetitive experiments.
To evaluate the effect of jasmonates on P. falciparum, we incubated the parasites with MJ for 24 hr. Our original finding was that plant stress hormones in general exhibit anticancer effects (Fingrut and Flescher, 2002) . One such plant stress hormone is salicylic acid, which is also a nonsteroidal anti-inflammatory drug. Therefore, we used both in our former study (Fingrut and Flescher, 2002) and here, a range of concentrations based on the highest nontoxic pharmacological concentration of salicylic acid used in humans (approximately 3 mM; Katzung, 1998). We chose MJ, which proved to be the most effective among the jasmonates in terms of anticancer effects. For example, incubation of human leukemic Molt-4 cells in the presence of JA, CJ, and MJ, each at 1 mM, for 24 hr resulted in 17, 71, and 84 percent cytotoxicity, respectively. Also, JA, CJ, and MJ exhibited approximately 90% cytotoxicity toward Molt-4 cells when administered at 3, 2, and 0.5 mM, respectively (Fingrut and Flescher, 2002; O. Fingrut and E. Flescher, pers. comm.) . As can be seen in Figure 2 , MJ was highly cytotoxic toward P. falciparum parasites. Indeed, it exhibited stronger cytotoxicity toward these parasites than toward cancer cells, especially at the lower concentrations tested (0.1 and 0.25 mM). At 0.25 mM, MJ exhibited only 8% cytotoxicity toward Molt-4 cells, whereas at 0.1 mM, it had no activity against those cells (Fingrut and Flescher, 2002) . In addition to MJ, we evaluated the effect of JA on P. falciparum parasites. As can be seen in Figure 2 , JA was considerably less active than MJ and did FIGURE 2. Cytotoxic effects of jasmonates toward Plasmodium falciparum. Parasite-infected rbc's were exposed to MJ (triangles) or JA (squares) for 24 hr. The jasmonates exhibited a dose-dependent antimalarial effect, significant at *P Ͻ 0.05, **P Ͻ 0.005, ***P Ͻ 0.001. Parasitemia in control (untreated) cultures was 27%. FIGURE 3. Cytotoxic effects of jasmonates toward schistosomula of Schistosoma mansoni. Schistosomula of S. mansoni parasites were exposed to MJ (squares) or CJ (circles) for 24 hr. The jasmonates exhibited a dose-dependent antischistosomal effect, significant at *P Ͻ 0.05, **P Ͻ 0.005. not exhibit any detectable cytotoxicity at concentrations below 0.5 mM. Interestingly, JA is also less effective than MJ against cancer cells (Fingrut and Flescher, 2002) .
Obviously, lysis of erythrocytes would result in a decrease in parasite-infected erythrocytes in the culture. To rule out the possibility of this potentially misleading indirect effect, we incubated erythrocytes (both normal and plasmodium-infected cells) with JA and MJ for 24 hr and monitored their intactness by measuring hemoglobin release into the extracellular milieu. We did not detect any significant hemolysis in jasmonate-treated erythrocytes, i.e., we observed less than 1% hemoglobin release in those cultures. Thus, the effect of jasmonates on P. falciparum parasites is not due to hemolysis of erythrocytes. Plasmodium falciparum reside within parasitophorous vacuoles inside erythrocytes. Because jasmonates do not seem to affect the host cell (erythrocyte) adversely, it appears plausible that these small lipidic molecules can cross the erythrocyte cytoplasmic membrane, as well as the parasitophorous vacuolar membrane, and reach their target-the P. falciparum parasite.
The effect of MJ on schistosomula of S. mansoni was studied in 24-hr-long assays. We found MJ to be significantly cytotoxic to the worms (Fig. 3) , although it was less effective against them than against P. falciparum (Fig. 2 ) and cancer cells (Fingrut and Flescher, 2002) . The lower susceptibility of schistosomes to jasmonates is further exhibited by the fact that the worms were not affected at all by the weaker jasmonate compound, JA. Therefore, we used a third member of the jasmonate biosynthetic pathway, CJ, and found it to be toxic toward the schistosomula, although to a somewhat lesser degree than MJ (Fig. 3) .
Whereas the activities of jasmonates in enabling plants to survive injury and infections are mediated via activation of specific genes, we found both here and previously (Fingrut and Flescher, 2002) , that jasmonates can also exert a direct cytotoxic effect on target cells. Such a direct effect against a pathogen was reported in a system where MJ inhibited aflatoxin production and growth of Aspergillus flavus (Goodrich-Tanrikulu et al., 1995) .
In conclusion, jasmonates are shown here for the first time to have significant antiparasitic effects. Thus, they bear the potential of use in parasitic infections. Resources dedicated to the development of new antiparasitic drugs are quite limited. Compounds that are currently studied as potential anticancer agents, i.e., jasmonates studied in our laboratory, would have a distinct economic advantage as potential candidates for studies on antiparasite agents, since parts of the development process for either purpose are very similar. This study Koga et al. (2000 ) Koga et al. (1994 Koga et al. (1988) Koga and Ishii (1987) ABSTRACT: The surface ultrastructure of advanced third-stage larvae (AL3) of Gnathostoma nipponicum was studied using scanning electron microscopy. The larvae were recovered from the grass snake Rhabdophis tigrina in the Republic of Korea. Parasites had a globular head bulb with a pair of lips at the anterior end and 2 labial papillae and an amphid on each lip. The head bulb was characteristically armed with 3 transverse rows of hooklets, averaging 36, 38, and 43 in number, increasing posteriorly. A total of 213-232 minute unidentate cuticular spines were present along the entire length of the larvae, forming the transverse striations. Two pairs of cervical papillae were located between the 8th and 12th transverse striations, and a pair of body papillae was seen laterally on the posterior third of the body. A pair of caudal phasmids was recognized near the posterior extremity. The surface ultrastructure of AL3 of G. nipponicum is unique compared with that of other species.
Gnathostomiasis is a well-known zoonotic disease caused by the larvae of Gnathostoma (Nematoda: Gnathostomidae), of which 12 species are currently known (Miyazaki, 1991; Rusnak and Lucey, 1993; McCarthy and Moore, 2000) . Human cases of G. spinigerum Owen, 1836 , G. hispidum Fedtschenko, 1872 , G. doloresi Tubangui, 1925 , G. nipponicum Yamaguti, 1941 , and G. binucleatum Almeyda-Artigas, 1991 have been reported in Thailand, Japan, China, and Mexico (Miyazaki, 1991; Nawa, 1991; McCarthy and Moore, 2000; Ishida et al., 2003) . Dogs, cats, and wild mammals serve as the definitive hosts. Copepods are the first intermediate host, and freshwater fishes, amphibians, and mammals play the role of the second intermediate, or paratenic, host, in which the advanced third-stage larvae (AL3) develop (Ando et al., 1992; Oyamada et al., 1997) . Humans acquire the infection by consuming undercooked intermediate hosts containing the AL3, which migrate to the subcutaneous tissues and internal organs, causing larval migrans syndrome (Rusnak and Lucey, 1993) . It is generally accepted that the definitive distinguishing characters between Gnathostoma species can be derived from the examination of adult worms. However, differences in the number, form, and distribution of the head-bulb hooklets, as well as the number of intestinal cell nuclei, in larvae have also been used to distinguish the species (Akahane et al., 1986; Ando et al., 1990; Diaz Camacho et al., 2002) .
Gnathostoma nipponicum is a common parasite found in the esophageal tumors of weasels that are widely distributed in Japan (Miyazaki, 1991; Ando et al., 1992) . More than 10 cases of human infections have so far been recorded in Japan (Ando et al., 1988 Sato et al., 1992; Ishida et al., 2003) . Recently, the morphological features of G. nipponicum larvae and adults were studied using light (Koga and Ishii, 1981; Ando et al., 1988; Sohn et al., 1993) and scanning electron microscopy (SEM) (Koga and Ishii, 1981; Taniguchi et al., 1991) . However, no detailed descriptions are available on the surface ultrastructure of the AL3, with the exception of 1 report , in which a brief SEM view of an early third-stage larva was shown. Therefore, in the present study, the surface ultrastructure of the AL3 of G. nipponicum was studied in detail using SEM.
AL3 of G. nipponicum were obtained from the grass snake Rhabdophis tigrina, which was purchased from a local snake collector in Hongcheon-gun, Kangwon-do (Province), Republic of Korea. A total of 100 snakes were killed, their skins stripped off, and their muscles and carcasses digested at 37 C for 1 hr in artificial gastric juice containing 0.6% pepsin (1:10,000, Sigma-Aldrich Co., St. Louis, Missouri) and 0.8% HCl. The digested material was washed with 0.85% saline, and the gnathostome larvae were collected under a dissecting microscope. A total of 46 gnathostome larvae were harvested. Ten specimens were fixed in 10% neutral formalin under coverslip pressure, cleared in alcohol-glycerin solution, and mounted in glycerin jelly. The specimens were observed and measured using a light microscope. For the SEM observations, the AL3 were vigorously washed 3 times with phosphatebuffered saline (PBS), fixed in 2.5% glutaraldehyde (Sigma) (pH 7.4) for 24 hr, and rinsed in PBS. They were dehydrated in a graded series of ethanol, dried in a critical point dryer (CPD7501, VG Microtech, East Sussex, U.K.), mounted on aluminum stubs, and coated with gold using an ion-sputtering coater (IB-3, Giko Engineering Co., Mito, Ibaraki, Japan). The specimens were observed under a scanning electron microscope (ISI DS-130C, Akashi Co., Tokyo, Japan) at an accelerating voltage of 10 kV.
The The head bulb was armed with 3 rows of hooklets: 36 (34-38) hooklets in the first row next to the mouth, 38 (37-38) in the second row, and 43 (41-46) in the third, corresponding to the previous descriptions of G. nipponicum (Koga and Ishii, 1981; Miyazaki, 1991; Ando et al., 1992) .
The SEM observations (Figs. 1-8 ) revealed that the whole body surface was covered with 222.4 Ϯ 8.3 (range 213-232) transverse striations, each made up of minute single-pointed spines, beginning immediately behind the head bulb (Figs. 1, 2) and ending above the posterior extremity (Fig. 7) . These body spines were larger and more densely distributed on the anterior part of the body and became gradually small-FIGURES 1-4. Scanning electron micrographs of the anterior part of an advanced third-stage larva of Gnathostoma nipponicum recovered from a grass snake in the Republic of Korea. 1. A whole-worm view showing the characteristic head bulb, tail, and transverse striations. Bar ϭ 28.6 m. 2. The anterior end of the larva, showing the head bulb armed with 3 rows of hooklets and its deeply grooved neck part. The second and third rows of hooklets are clearly seen, but the first row of hooklets is retracted within the head part. The arrowhead indicates a cervical papilla. Bar ϭ 10.0 m. 3. A close-up view of the head bulb armed with 3 rows of hooklets. The number of hooklets in the first, second, and third rows of the larva was found to be as 38, 48, and 50, respectively. Two lips are seen on the anterior end of the head bulb, being divided by a cleavage. On each lip, an amphid (black arrowhead) and 2 labial papillae (white arrowheads) are seen. Bar ϭ 6.7 m. 4. A close-up view of the hooklets on the head bulb. The hooklets on the first row are smaller than those on the second and third rows. Bar ϭ 3.3 m.
er in size and number toward the posterior end of the body (Figs. 1, 7,  8 ). The mouth (26.4 m in average length and 25.0 m in average width) on the head bulb was equipped with a pair of half-moon-shaped lateral lips of equal size (Fig. 3) . On each lip, 2 labial papillae, 4.2 ϫ 3.3 m in size, could be distinguished; between the 2 papillae, the presence of a small amphid, 0.8 ϫ 0.7 m in size, was noted. The head bulb was covered by 3 transverse rows of well-developed hooklets (Figs. 3, 4) . The hooklets were similar in shape, but those in the first row were smaller than those in the other 2 rows. A higher magnification revealed that the hooklets were triangular in shape, with a single-pointed tip, posteriorly crooked, with the appearance of tusks (Fig. 4) . A pair of dome-shaped cervical papillae was located bilaterally between the 8th and 12th transverse striations at the anterior part of the body (Fig.  2) . Near the posterior third of the body, tongue-shaped body papillae were located between the 136th and 143rd transverse striations (Figs.  5, 6 ). The tail was rounded, with a wide anal pore that opened ventrally. The anal pore was 8 ϫ 10 m in diameter, crescent-shaped, with the transverse striations ending above this pore (Fig. 7) . Near the posterior extremity, a pair of lateral phasmidial pores was seen (Fig. 7) . The interval between the transverse striations was 2.71, 1.91, and 1.25 m in the anterior, middle, and posterior parts of the body, respectively. The unidentate spines (Fig. 8) were 1.07, 0.91, and 0.34 m in average length in the 3 parts of the body and were arranged at mean intervals of 1.91, 2.65, and 2.60 m, respectively.
The AL3 of G. nipponicum were first discovered in the grass snake Rhabdophis tigrinus in Japan (Koga and Ishii, 1981) . Thereafter, the larvae were also found in the loach Misgurnus anguillicaudatus, the catfish Silurus asotus, and another species of the snake Elaphe quadrivirgata, in Japan (Ando et al., 1988 (Ando et al., , 1992 Oyamada et al., 1995) . In the Republic of Korea, the presence of the life cycle of G. nipponicum, with the occurrence of its AL3 larvae in the snake, has been confirmed for the first time in the present study.
The most striking differences between G. nipponicum and the other 3 species are the number of transverse rows of hooklets on the head bulb and the number of spines on each row (Sohn et al., 1993; Koga et al., 2000) . The head bulb of G. nipponicum possesses 3 transverse rows of hooklets, whereas those of the other 3 species have 4 rows ( Table I ). The morphology of the hooklets is also different among the Gnathostoma species. The hooklets of G. nipponicum are smaller, narrower, and more sharply crooked than those of the other species, with a small claw at the distal tip (Koga and Ishii, 1981) . By comparison, the hooklets of G. spinigerum and G. binucleatum are larger and more smoothly curved (Koga et al., 1994 (Koga et al., , 2000 .
The total number of transverse striations in the AL3 could be another differential point between G. nipponicum and G. doloresi, 213-232 in the former and 176-211 in the latter (Table I ). The cervical papillae of G. nipponicum and G. hispidum larvae are seen at the 8th to 12th, or at the 10th to 13th, transverse striations, respectively, whereas in the other species the papillae are lower on the body (Table I ).
In the Republic of Korea, several researchers have surveyed copepods, tadpoles, snakes, and loaches in an attempt to detect gnathostome larvae (Kim, 1973 (Kim, , 1983 Koga et al., 1985; Sohn et al., 1993 Sohn et al., , 1996 Sohn and Lee, 1996, 1998) . Consequently, the third-stage larvae of G. spinigerum and G. hispidum have been detected in the domestic snakes Channa argus and Agkistrodon brevicaudus, respectively (Kim, 1973; Sohn and Lee, 1998) . In the present study, we added G. nipponicum as the third Gnathostoma species found in the Republic of Korea in the snake R. tigrina, which is also considered a paratenic host in Japan (Koga and Ishii, 1981) . Additionally, the larvae of G. nipponicum and G. hispidum have been detected in Chinese loaches imported to the Republic of Korea (Sohn et al., 1993; Sohn and Lee, 1996) .
Until now, the occurrence of human gnathostomiasis had not been reported in the Republic of Korea, with the exception of a case report in a Thai woman (Lee et al., 1988) and an outbreak among 38 Korean emigrants in Myanmar in 2001 (Chai et al., 2003) . However, because the grass snakes are sometimes consumed raw or in undercooked conditions, possible indigenous human infections with gnathostomes cannot be ruled out in the Republic of Korea.
The authors thank Jae-Lip Kim for his technical support in the laboratory, and Katsuhiko Ando and Hiromi Ikadai for kindly providing information on differential morphology of gnathostomes. This study was supported by BK21 Human Life Sciences, Ministry of Education, Republic of Korea. trematodes and snail species or strains. Many studies have dealt with the question whether the miracidia are able to discriminate between their host snails and other aquatic organisms during host finding (Wright, 1971; Basch, 1976 Basch, , 1991 . Studies on Schistosoma mansoni miracidial host-finding behavior have led to contradictory findings on the nature of the snail attractants Haas and Haberl, 1997 ) and on its species specificity. Kalbe et al. (1996) investigated the host-finding behavior of 2 strains of S. mansoni in response to snail-conditioned water (SCW) from Biomphalaria alexandrina, Biomphalaria glabrata, and Lymnaea stagnalis. They found that an Egyptian strain of S. mansoni could clearly identify SCW from its specific snail host species, B. alexandrina, whereas the Brazilian strain was not able to differentiate between the SCW samples. However, the snails used in these experiments have very different geographical distributions, and the miracidia would never have contact with the incompatible host snail species in the field. Therefore, we repeated these experiments using snails collected in Egypt in B. alexandrina habitats and Biomphalaria arabica collected in Oman.

AKAHANE
The Brazilian strain of S. mansoni (BR) and its host snail, an albino strain of B. glabrata, were isolated in Belo Horizonte and were provided by Prof. A. Magalhães in 1993. The African strain (ET) was originally isolated in Egypt and maintained at the University of Massachusetts, Lowell, Massachusetts. In 1990, it was reimported to Egypt and maintained in its intermediate host B. alexandrina at the Schistosome Biological Supply Program, Theodor Bilharz Research Institute, Cairo, Egypt, from where we obtained it in 1993. Physa acuta, Bulinus truncatus, and Lymnaea cailliudi were collected from Sohag, Egypt, and B. arabica from Salalach region, Oman. Snails were kept under a daynight rhythm of 12:12 hr at 27 C in tap water. They were fed on lettuce and fish food. The parasites were cycled through female white mice infected by the paddling method. Miracidia host-finding behavior was investigated by observing the rate of change of direction (RCD) when miracidia swam along increasing concentration gradients of SCW and the turn-back swimming in decreasing gradients as described by Haberl et al. (1995) . SCW was produced in similar concentrations (Kalbe et al., 1996) by incubating 1 snail (5 mm high) per milliliter of tap water for 2 hr and buffering to pH 7.5 (9 mM Tris-HCl). Identical batches of SCW were used for the experiments with the 2 parasite strains. The amount of carbohydrates in SCW was determined colorimetrically with the resorcinol sulfuric acid micromethod (Monsigny et al., 1988) with mannose as standard and the protein content with the Bradford assay, using a ready-made reagent solution (Roti-Quant, Roth, Germany) and bovine serum albumin as standard. Statistical analysis was performed on arcsine square root-transformed data; SE were retransformed after computation, and means were compared with a multiple t-test (StudentNewman-Keuls, P Ͻ 0.001).
Miracidia of the Egyptian strain responded with a vigorous increase of the RCD and a high rate of turn-back swimming to SCW of their snail hosts, B. alexandrina and B. arabica, but showed no or very low responses to SCW from the other snail species (Fig. 1A) . In contrast, miracidia of S. mansoni BR responded with similar high levels of both behavior patterns to the SCW samples of all snail species (Fig. 1B) . The SCW samples had similar sugar and protein contents with the exception of SCW from P. acuta, which contained about twice as much sugars as the other SCW samples (Table I) .
Our results indicate that the miracidia of the Egyptian strain of S. mansoni are able to differentiate between their host snail B. alexandrina and sympatric incompatible snail species, as they did in the experiments of Kalbe et al. (1996) with nonsympatric species. The miracidia responded also to B. arabica, which serves as a host for S. mansoni in Africa, but not to B. glabrata, the host snail of the same parasite in South America. Whether these findings correspond with the ability of miracidia of the Egyptian strain to develop successfully in these snail species remains to be investigated. The specificity is not an artifact due to different concentrations of miracidia-attracting molecules, which have been shown to be glycoproteins for many trematode species (Haberl and Haas, 1992; Haberl et al., 1995 Haberl et al., , 2000 Kalbe et al., 1996 Kalbe et al., , 1997 Kalbe et al., , 2000 . Schistosoma mansoni BR responded to the identical SCW batches with completely different intensities, and most of the SCW samples had similar sugar and protein concentrations. A similar ability to differentiate between SCW of snail species during host finding has been shown for miracidia of Trichobilharzia ocellata, Trichobilharzia franki, and Fasciola hepatica Kock, 2001) . Obviously, S. mansoni BR is not able to differentiate between snail species; a similar nonspecificity was only observed in Echinostoma caproni (Haberl et al., 2000) .
The 2 behavioral patterns, namely, increase of the RCD and turnback swimming in the vicinity of a snail, may lead to an aggregation of the miracidia around the snail host, which increases the probability of a contact with the snail surface. However, penetration into incompatible snail species leads to destruction of the parasite by the internal defense system of the snails (Adema and Loker, 1997; Sapp and Loker, 2000; Bayne et al. 2001 ) and even contact with incompatible organisms may reduce the infection success in compatible hosts (Combes and Moné, 1987) . Therefore, a specific host-finding behavior would be advantageous for miracidia.
The lack of host specificity in S. mansoni BR may reflect a behavioral degeneration due to prolonged cycling under laboratory condition. However, it could also be an adaptation of the parasites to the conditions of South America because they were introduced by slave transports from West Africa (Morgan et al., 2001) . In capturing the new intermediate host snail B. glabrata, the parasites could have lost their original specificity.
This work was carried out at the Institute for Zoology, University Erlangen-Nuernberg, and it was funded by the Deutsche Forschungsgemeinschaft and by the Egyptian Government with a grant within the Channel System for A.H.M.H.
ABSTRACT: Genetic variability among Taenia solium isolates was studied in 160 cysticerci from 6 pigs, 4 from Mexico, 1 from Honduras, and 1 from Tanzania. Random amplified polymorphic DNA (RAPD) analysis performed with 4 commercial primers showed 88% polymorphic loci and an average heterozygosity of 0.077; however, several alleles were fixed within each isolate. Linkage disequilibrium analysis indicated that 3 of the 6 isolates had a random association of alleles, whereas the other 3 had a clonal structure. These results suggest the existence of local lineages in T. solium, with events of genetic recombination within them.
Little is known about the evolution, ecology, and population genetics of cestodes. Thompson and Lymbery (1995) suggested that knowledge of the genetic structure of cestodes can be applied to the epidemiology and the control of these parasites because genetic variation within and between populations determines future evolutionary changes, genetic differentiation, and speciation. Polymerase chain reaction (PCR)-based molecular techniques such as random amplified polymorphic DNA (RAPD) have been used for differential diagnosis of species and strains and to gain knowledge of genetic diversity in parasite populations (Siles-Lucas et al., 1993; Král'ová, 1996; Brouwer et al., 2001; Eom et al., 2002) . To study genetic variability within and among Taenia solium isolates as well as to evaluate genetic relationships between them, genomic DNA from cysticerci of this cestode was analyzed individually by RAPD.
Cysticerci from 6 pigs were evaluated in this study. Three pigs were acquired from the central states of Mexico: 1 in November 1997 from Guerrero (isolate a) and the other 2 in March and September 1998 from a village in Morelos (isolates b and c); the 4th pig came from the southeastern state of Yucatan in March 2001 (isolate d), the 5th pig was obtained from central Honduras in August 2001 (isolate e), and the last pig (isolate f) from Arusha, Tanzania, Africa, in August 2002. Thirty T. solium cysticerci were recovered from the skeletal muscle of each pig, rinsed with 0.01 M phosphate-buffered 0.15 M saline, pH 7.2 (PBS), dried over filter paper, and frozen (Ϫ70 C) individually. Ten cysticerci from the Tanzanian pig were preserved in 96% ethanol. Each tissue cyst was homogenized with 100 l DNAzol isolation reagent (Life Technologies, Grand Island, New York) and centrifuged in an Eppendorf microfuge at 14,000 rpm for 10 min at 4 C, and the viscous supernatant was transferred to a fresh tube. Genomic DNA was precip-itated with isopropanol, centrifuged, and resuspended in 30-50 l of 8 mM NaOH. To obtain DNA from ethanol-fixed Tanzanian cysticerci, the Wizard Genomic DNA Purification Kit (Promega Corporation, Madison, Wisconsin) was used according to the protocol recommended by the supplier. DNA concentrations were determined spectrophotometrically in a Gene Quant ribonucleic acid-DNA calculator (Pharmacia @ Buckinghamshire, U.K.).
All DNA samples were kept individually frozen and used to obtain the amplification products by RAPD assay. The protocol of Williams et al. (1990) , modified by Siles-Lucas et al. (1993) , was followed. The primers chosen from the series Operon B (Operon Technologies Inc, Alameda, California) were 5Ј-CATCCCCCTG (OPB3), 5Ј-GTA-GACCCGT (OPB11), 5Ј-TCCGCTCTGG (OPB14), or 5Ј-CCACA-GCAGT (OPB18). Assays were performed with 20 ng of genomic DNA. Reactions were carried out in a Perkin-Elmer thermal cycler (GeneAmp PCR System 2400) programmed for 45 cycles of 2 min at 94 C, 1 min at 36 C, and 2 min at 72 C. DNA products were separated by agarose gel electrophoresis, observed on a UV transilluminator, and photodocumented in a video system (Chemi System, UVP Bioimaging Systems, Upland, California). RAPD banding patterns were classified as nonpolymorphic or polymorphic (Hadrys et al., 1992; Král'ová and Š pakulová, 1996) . Because this technique does not allow for the direct estimation of allele frequencies, the following was assumed: (1) each band represents a distinct genetic locus; (2) each band represents the dominant allele of a locus; and (3) the absence of a specific band in another individual corresponds to the homozygous recessive allele according to Hardy-Weinberg proportions (Brouwer et al., 2001; Fonseca et al., 2001; Yue et al., 2002) .
RAPD banding profiles were analyzed for all 160 cysticerci by LabWorks Analysis Software 3.0.02 (Corporate HQ, UVP Inc., Upland, California), whereby a value of 1 (present) or 2 (absent) was assigned to each fragment. RAPD bands larger than 1,500 bp were excluded because they could be due to more than 1 PCR product. To assure reproducibility of amplification, RAPD of each cysticercus with polymorphic bands was repeated once or twice. Controls without DNA as well as DNA from pork meat were evaluated using the same methodology. The proportion of polymorphic alleles, the mean heterozygosity, Nei genetic distances D (Nei, 1972) , and the unweighted pair-group method with arithmetic averages (UPGMA) dendogram were obtained using the Tools for Population Genetic Analysis (TFPGA) program (Miller, 1997) . To determine the extent to which isolates exhibited nonrandom association of alleles, a multilocus index was used on the basis of the distribution of allelic mismatches between pairs of individuals over all alleles. By this procedure, the ratio of the variance in mismatches observed in a population (V 0 ) to the expected variance in a corresponding population, i.e., random association of alleles due to mixis (V E ), provides a measure of multilocus linkage disequilibrium. V 0 /V E ϭ 1 indicates free recombination and no linkage disequilibrium. When V 0 /V E is significantly higher than 1, alleles are associated in a nonrandom way, and no recombination (clonal structure) or selection to a certain combination of alleles is suspected (Souza et al., 1992; Silva et al., 1999) . To assess the probability of rejecting the null hypothesis (recombination), the distribution of V 0 /V E was obtained by performing 10,000 iterations using the Monte Carlo procedure (LDV program, Souza et al., 1992) .
The primers chosen allowed an evaluation of 49 loci, of which 88% were polymorphic with an average heterozygosity of 0.077. Primer OPB 3 gave 3 nonpolymorphic loci (5,7, and 9) and 13 polymorphic loci. Loci 13 (525 bp) and 15 (400 bp) had fixed dominant alleles only for isolate a, whereas locus 2 (1,425 bp) had a fixed dominant allele for isolate c. OPB 11 presented locus 24 (636 bp) as nonpolymorphic and 14 polymorphic loci, whereas only isolate c showed 1 fixed dominant allele for locus 18 (1,230 bp) and 1 for locus 31 (161 bp). OPB 14 showed 7 polymorphic loci, where all cysticerci from each isolate had several fixed alleles. OPB 18 displayed 2 nonpolymorphic loci (42 and 48) and 9 polymorphic loci. (Table I) .
Isolate a (from Guerrero) presented a proportion of 0.245 polymorphic loci, a mean heterozygosity of 0.107 and a V 0 -V E ratio of 1.375. The distribution of V 0 -V E by the Monte Carlo procedure for isolates a, d, and e gave a P value of Ͻ0.001, suggesting a clonal structure, whereas for isolates b, c, and f no statistical significance was found, indicating that linkage disequilibrium was not present, and, therefore, individuals had genetic events of recombination with random mixis. The genetic relationship between the 160 cysticerci from the 6 isolates based on the 49 loci defined in Table I is estimated in a UPGMA dendogram (Fig. 1) . The initial divisions of the dendogram were at 0.47 D units, separating the isolates into 2 clades, one clustering isolates b, d, e, and f and the other clustering isolates a and c. Subsequent divisions were present at 0.39 and 0.30 units of D, the first one separated the African isolate (f) from isolates b, d, and e, whereas the other one separated isolates a and c into 2 clusters. Finally, at 0.26 units of D, 2 groups were subsequently divided: isolate e from the Honduras and 16 cysticerci from isolate d in 1 cluster and isolate b and the remaining 14 cysticerci from isolate d in another cluster. This last result is not due to experimental error because all cysticerci from group d, as all others, were processed and submitted to PCR at one time. Besides, this last cluster was interesting because, added to the shared genetic information, it contained 13 identical cysticerci for isolate b.
There are few studies that deal with genetic diversity within T. solium. McManus et al. (1989) , while assaying methods for egg detection by DNA dot-blot hybridization, reported that intraspecific DNA variability occurs in T. solium isolates from India, Mexico, and Zimbabwe. However, their work did not search for strains and did not evaluate heterozygosity. In another article, Bowles and McManus (1994) studied sequence variation within a 366-nucleotide portion of DNA coding for mitochondrial cytochrome c oxidase I (COI) from T. solium isolates recovered from India, China, and Zimbabwe and found slight differences in 3 conservative changes in the third base position of codons of the isolate from Zimbabwe. Hancock et al. (2001) examined the genetic variability in T. solium by sequencing the DNA coding for COI, the internal transcribed spacer 1 (ITS1), and the diagnostic antigen Ts 14 and found low variability. Recently, Nakao et al. (2002) sequenced the entire COI and cytochrome b from 13 isolates of T. solium from various regions, detecting 1.7 and 2.9% variant nucleotide positions, respectively, among all isolates. The phylogenies obtained showed that the isolates from Asia (China, India, Irian Jaya, and Thailand) formed a single cluster, whereas the isolates from Latin America (Bolivia, Brazil, Ecuador, Mexico, and Peru) combined with those from Africa (Cameroon, Mozambique, and Tanzania) formed a second cluster. In the present study, RAPD was chosen because it permits the analysis of a large number of loci throughout the entire genome. In addition, it has proven useful in characterizing both inter-and intraspecific relationships as well as in identifying strains and species in several organisms, including cestodes and trematodes (Siles-Lucas et al., 1993; Verneau et al., 1995; Král'ová, 1996; Brouwer et al., 2001; Eom et al., 2002) . RAPD data presented in this study revealed variations among and within isolates, with several fixed alleles in each isolate. These features may have important epidemiological implications in defining parasite developmental rate, pathogenesis, or drug susceptibility, for example. Such was the case in Echinococcus granulosus, where the knowledge of variation in populations of this parasite contributed to the identification of distinct strains and the elucidation of transmission patterns useful in epidemiological studies (Thompson and Lymbery, 1995) . Regarding heterozygosity values, our data are in accordance with those found within parasite populations using RAPD. Schistosoma hematobium exhibited a mean herozygosity of 0.110 (53 loci), 41% of which were polymorphic (Brouwer et al., 2001 ), whereas T. solium exhibited a mean heterozygosity from 0.052 to 0.107 (49 loci), where 12-30% were polymorphic. The RAPD analysis showed that isolates a (Guerrero), d (Yucatan), and e (Honduras) have a clonal structure based on significant linkage disequilibrium, whereas isolates from Morelos (b and c) and Tanzania (f) suggest a more random association of alleles. The latter are in agreement with those of Nakao et al. (2002) described above.
Genomic and mitochondrial (mt) DNA was probably present in our samples because of the extraction methods used. Hancock et al. (2001) reported variation in the ITS1 sequence and minimal variation in the genes encoding COI (mtDNA) and the diagnostic antigen Ts 14. This FIGURE 1. Dendogram generated by the distance method, UPGMA. Nei's genetic distances (D units) were estimated using the data from the 49 loci from Table I and include all 160 cysticerci analyzed from 6 Taenia solium isolates.
information allowed Hancock to conclude that strain variation does not play a role in the variation in disease presentation and that minimal genetic diversity exists within the T. solium species where populations within limited geographic areas are homogeneous. Our results and the variation found in ITS1 point to the existence of genetic variation; therefore, the conclusions of Hancock stated above should be reevaluated. As demonstrated elsewhere, in some natural populations of E. granulosus (Thompson and Lymbery, 1995) , this variation can be the result of self or cross-fertilization between adult parasites. Our data suggest that T. solium has local lineages or descendant lines with different char- Miller (1997) .
acteristics because the hermaphrodite worm in its definitive host has undergone genetic drift and inbreeding effects and has therefore fixed several alleles. Furthermore, this parasite could maintain and inherit a polymorphic genetic pool generated by sexual reproduction, mutation, and occasionally by cross-fertilization between different adults. This study was partly supported by grant 28094-B from the Consejo Nacional de Ciencia y Tecnología (CONACYT) and project 102344 from the Programa de Apoyo a Estudiantes de Posgrado (PAEP-UNAM). We thank Dante Zarlenga for critical comments to the manuscript and Claudia Silva, Alvaro Peniche, and Gumersindo Sánchez for help in the laboratory. Giardia spp. are well-recognized intestinal parasites of animals and humans, capable of causing a variety of symptoms including diarrhea and malabsorption of nutrients. Giardia duodenalis (syn. intestinalis, lamblia) infects a wide range of mammalian hosts, but recently molecular analysis has allowed the subtyping of this group into a number of genotypes. Typically, only genotypes in assemblages A and B are found in human infections . Giardia sp. has been reported in elk (Elaphus nonnodes) (Deng and Cliver, 1999; Heitman et al., 2002) , roe deer (Capreolus capreolus) (Pavlasek et al., 1993) , free-ranging white-tailed deer (Odocoileus virginianus) (Rickard et al., 1999) , and moose (Alces alces) (Heitman et al., 2002) . However, these studies did not indicate the Giardia sp. genotype, thus it was not clear whether Giardia sp. of cervid origin had the potential to infect humans. The present study was conducted to examine the genotypes of Giardia sp. present in free-ranging white-tailed deer.
Deer feces were collected from hunter-killed animals during a managed deer hunt in central Maryland. The hunt was conducted under the supervision of county officials as part of a wildlife management program. Age and sex data were recorded for each animal sampled. Fifteen grams of feces were weighed and placed in a 50-ml tube, and water was added to bring the total volume to 50 ml. Feces and water were mixed well, and the suspension was passed through a 45-m screen. The screened material was centrifuged at 1,500 g for 10 min. The supernatant was discarded and the pellets resuspended in 25 ml of dH 2 O. Twenty-five ml of CsCl (density ϭ 1.4 g/L) was added to each sample and mixed well, and the tubes were centrifuged for 20 min at 500 g. After centrifugation, the top 4 ml of the solution was removed from each tube and placed in 15-ml tubes. Eleven ml of dH 2 O was added and mixed well, and the tubes were centrifuged at 1,500 g for 10 min.
The supernatant was discarded, and the pellets were resuspended in 500 l of dH 2 O; of this volume, 100 l was used for immunofluorescent analysis (IFA) analysis and 50 l for DNA analysis. The remainder was frozen as an archival sample. For IFA analysis, the 100 l was placed in a microcentrifuge tube and centrifuged at 3,000 g for 5 min. The pellet was resuspended in 25 l of dH 2 O, to which was added 25 l of MerIFluor reagent (Meridian Biosciences, Inc., Cincinnati, Ohio). Two microliters of this mixture was pipetted into an 11-mm-diameter well of a heavy-Teflon-coated 3-well slide (Cel-Line, Erie Scientific, Portsmouth, New Hampshire). Coverslips were placed on slides, and samples were examined for the presence of Giardia sp. cysts using a Zeiss Axioskop equipped with epifluorescence and a Texas Red-fluorescein isothiocyanate dual wavelength filter.
Total DNA was extracted from 50 l of the processed feces using a QIAampTissue Kit (Qiagen, Valencia, California) with a slightly modified protocol. The protocol, described below, used reagents provided by the manufacturer. The 50 l of processed feces was resuspended in 180 l of ATL buffer thoroughly mixed by vortexing. To this suspension, 20 l of Proteinase K (20 mg/ml) was added, and the sample was mixed by vortexing. After incubating the mixture overnight at 55 C, 200 l of AL buffer was added. The remaining protocol followed the manufacturer's instructions, with 1 exception. To increase the quantity of recovered DNA, the nucleic acid was eluted in 100 l of AE buffer.
A 753-bp fragment of the ␤-giardin gene was amplified using the forward primer G7 (5Ј AAGCCCGACGACCTCACCCGCAGTGC 3Ј) and the reverse primer G759 (5Ј GAGGCCGCCCTGGATCTTCGA-GACGAC 3Ј) (Cacciò et al., 2002) .
A 500-bp fragment of the TPI gene was amplified using nested polymerase chain reaction (PCR) for the primary amplification primers AL3543 (5Ј AAATIATGCCTGCTCGTCG 3Ј) and AL3546 (5Ј CAAACCTTITCCGCAAACC 3Ј) and the secondary amplification primers AL3544 (5Ј CCCTTCATCGGIGGTAACTT 3Ј) and AL3545 (5Ј GTGGCCACCACICCCGTGCC 3Ј) (Sulaiman et al., 2003) .
Amplification was conducted using a 50-l suspension of the following reagents: 10 mM Tris-HCl (pH 9), 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mg/ml bovine serum albumin, 0.5-1 M of each primer, 0.2 mM of each deoxynucleotide triphosphate, and 2.5 U of Taq DNA polymerase (Qbiogene Inc., Carlsbad, California). PCR was carried out on a PTC-200 thermocycler (Peltier Thermal Cycler, M. J. Research, Reno, Nevada). To amplify the TPI gene, samples were heated to 94 C for 3 min, followed by 35 cycles of 94 C for 45 sec, 50 C for 45 sec, and 72 C for 1 min, and a final extension at 72 C for 3 min. To amplify the ␤-giardin gene, samples were heated to 94 C for 5 min, followed by 40 cycles of 94 C for 30 sec, 65 C for 30 sec, and 72 C for 1 min, and a final extension at 72 C for 7 min. A negative control consisting of a reaction mixture without the DNA template was included in each experiment. As a positive control, G. duodenalis DNA was extracted from samples (positive by microscopy and PCR) collected from cattle. PCR products were analyzed on 1% agarose gel and observed by ethidium bromide staining.
PCR products were purified using EXO-SAP enzyme (USB Corporation, Cleveland, Ohio) and sequenced (G7-G759 primers for ␤-giardin and AL3544-AL3545 primers for TPI) in 10-l reactions using Big Dye Chemistries and an ABI3100 sequencer analyzer (Applied Biosystems, Foster City, California). Each sample was sequenced in both directions. Sequence chromatograms from each strand were aligned and inspected using Lasergene software (DNASTAR, Inc., Madison, Wisconsin).
Giardia sp. cysts were detected by IFA only in 1 of 26 samples (a female, approximately 6 mo of age), for an overall prevalence of 3.8%. Similar prevalence has been found in white-tailed deer in Virginia (1.1%) (Rickard et al., 1999) and Mississippi (2.9%) (Rickard et al., 1999) and in elk (3.7%) in California (Deng and Cliver, 1999) , whereas in western Canada, a very low percentage of deer were positive (0.15%) (Heitman et al., 2002) . Ranched elk in western Canada exhibited a higher percentage of Giardia (15.8%), whereas free-ranging elk were negative (Heitman et al., 2002) ; less than 1% of moose tested in western Canada were Giardia-positive (Heitman et al., 2002) . The low prevalence reported might be a reflection of intermittent shedding of Giardia sp. cysts or the age of the animals studied. Prevalence may also be underestimated because we have only a single sample per animal.
PCR amplification and gene sequencing confirmed the detection and identification of Giardia sp. by IFA. The sequences coding TPI and ␤-giardin genes have been submitted to GenBank under the accession numbers AY302562 and AY302561 for TPI and ␤-giardin genes, respectively.
The TPI-and ␤-giardin-coding sequences of this Giardia isolate were compared with other TPI and ␤-giardin gene sequences from GenBank. Our TPI gene sequence showed a 99.8% similarity to G. duodenalis assemblage A, group I, AD-1 strain (AF069556, Monis et al., 1999) , which was originally isolated from a human duodenal aspirate and characterized by Andrews et al. (1989) . The ␤-giardin gene sequence showed 98.1% similarity to assemblage A (AY072724), reported by Cacciò et al. (2002) . This is the first report of assemblage A, group I G. duodenalis in deer and suggests that deer could be a potential source of infectious cysts for humans or other animals. Assemblage A Giardia sp. has recently been reported in a small percentage of calves (O'Handley et al., 2000; van Keulan et al., 2002) , raising the possibility that cattle and deer, which often share pasture land, each have the potential to pass infections to the other. Although the white-tailed deer population in the United States is estimated to be in the tens of millions, data on the prevalence and genotypes of Giardia sp. isolated from naturally infected deer remain limited. Further studies, perhaps focusing on younger animals, which may be more likely to be infected, are needed because deer represent a potentially significant reservoir of infection within the environment. ABSTRACT: A Hawaiian monk seal (Monachus schauinslandi) died in captivity at the National Marine Fisheries Service, Kewalo Basin Facility in Honolulu, Hawaii. The animal was icteric, and the liver was friable. Microscopic lesions were detected in the colon and liver. Colonic lesions included multifocal, necrohemorrhagic colitis associated with gram-negative bacilli. The liver lesions included random hepatic necrosis and cholestasis. Asexual stages of a Sarcocystis canis-like apicomplexan were detected in hepatocytes. The parasite divided by endopolygeny. Merozoites occasionally formed rosettes around a central residual body. Ultrastructurally, merozoites lacked rhoptries. This is the first report of S. canis infection in M. schauinslandi, which is an endangered pinniped in U.S. waters.
Sarcocystis species generally have a 2-host predator-prey life cycle, with an asexual cycle in herbivores and a sexual cycle in carnivores . Sarcocystis species are generally specific for their intermediate host. A new group of Sarcocystis parasites, e.g., S. neurona and S. canis, were discovered in the past decade with unusual host range and life cycles. Sarcocystis neurona causes neurologic disorders in horses and a variety of other animals, including marine mammals. They are considered to be aberrant hosts because only schizonts are found in these hosts and are confined to the central nervous system (Dubey et al., 2001) . Opossums are the definitive hosts shedding sporocysts of S. neurona; cats, skunks, sea otters, and armadillos can act as intermediate hosts with sarcocysts in their muscles.
Sarcocystis canis is related to S. neurona, but its life cycle is unknown (Dubey and Speer, 1991) . Only the schizont stage is known, and it is confined mostly to the liver. It produces fatal hepatitis in dogs, chinchillas, bears, horses, sea lions, and dolphins (Dubey and Speer, 1991; Mense et al., 1992; Rakich et al., 1992; Zeman et al., 1993; Garner et al., 1997; Davis et al., 1999; Resendes et al., 2002; Berrocal and Lopez, 2003) .
The Hawaiian monk seal (Monachus schauinslandi) is an endangered pinniped in U.S. waters, and its population has been steadily decreasing since 1950. We report fatal S. canis infection in this host for the first time.
During 1995, 12 weaned, underweight Hawaiian monk seal pups were taken from French Frigate Shoals, Northwestern Hawaiian Islands, to facilities on the Hawaiian island of Oahu for rehabilitation and subsequent release. Release plans were suspended when a majority of the seal pups developed ocular disease, leading to corneal opacities and blindness. This had not been encountered previously in rehabilitating seal pups. The 21-mo-old female seal in this study was retained in captivity for investigation of the ocular disease. It died in 1997, while in quarantine for treatment of an acute gastrointestinal illness, at the National Marine Fisheries Service, Kewalo Basin Facility, Honolulu, Hawaii. A necropsy was performed by National Marine Fisheries Service personnel within 3 hr of death. Tissue specimens were fixed in 10% formalin and submitted to the Armed Forces Institute of Pathology, Washington, D.C., for histopathologic examination. Tissues were processed routinely, sectioned, stained with hematoxylin and eosin (HE), and examined microscopically. Portions of liver were embedded in methacrylate, sectioned at 3-to 4-m thickness, and stained with HE. Formalin-fixed portions of liver were processed for transmission electron microscopy. Deparaffinized sections were stained with polyclonal sera of Toxoplasma gondii, Neospora caninum, S. cruzi, and S. neurona as described elsewhere Dubey et al., 1991; Dubey and Hamir, 2000) .
The seal was in excellent body condition with normal dentition and no signs of trauma or injury. Gross lesions included bilateral, central corneal opacities and cataracts; generalized icterus; and petechial and ecchymotic hemorrhage in the meninges, alimentary tract, multiple lymph nodes, kidney, urinary bladder, pancreas, and liver. The liver was friable. Marked microscopic lesions were present in the colon and liver. Colonic lesions included multifocal necrosis and loss of mucosa associated with moderate numbers of viable and degenerate neutrophils, fewer erythrocyte and debris-macrophages, hemorrhage, and moderate numbers of gram-negative bacilli. The liver contained random foci of hepatocellular necrosis (Fig. 1) , characterized by eosinophilic cellular and karyorrhectic debris interspersed with erythrocyte-and debris-laden macrophages and small numbers of lymphocytes and plasma cells, all surrounded by hemorrhage. Multifocally, there was globular, yellowbrown pigmented material in hepatocytes and distending bile canaliculi, interpreted as cholestasis. Diffusely, hepatocytes contained single to multiple, discrete, round, intracytoplasmic vacuoles interpreted as lipid accumulation.
Numerous protozoa were found in the cytoplasm of hepatocytes surrounding the areas of necrosis (Figs. 1, 2) . Only asexual stages were FIGURE 3. Transmission electron micrograph of a longitudinally sectioned Sarcocystis canis-like merozoite. Note the conoid (C) and micronemes (M) anterior to the nucleus (N) and the absence of rhoptries.
The protozoa reacted positively to S. cruzi polyclonal serum, which is genus specific but not species specific (Dubey et al., 1991) , and did not react with T. gondii, N. caninum, and S. neurona polyclonal sera. The cause of death was considered to be the combined effects of the necrotizing colitis associated with unidentified gram-negative bacilli and the necrotizing hepatitis associated with S. canis.
The parasite was considered to be S. canis based on the structure. The parasite in this case was not T. gondii or N. caninum because it divided by endopolygeny, a specialized form of schizogony in which the nucleus divides into several interconnected lobes. Toxoplasma gondii and N. caninum divide by endodyogeny, or division into 2 distinct lobes. Additionally, the parasite did not react to T. gondii and N. caninum antibodies. It was also distinct from S. neurona because of the parasite location in the liver and the nonreactivity to S. neurona antibody. Sarcocystis neurona schizonts are found in the central nervous system (Dubey et al., 2001 ). The source of S. canis infection in any host is unknown, but infections have been reported from the United States, Spain, and Costa Rica, suggesting that the definitive host for this apicomplexan is not confined to North America (Dubey and Speer, 1991; Resendes et al., 2002; Berrocal and Lopez, 2003) .
All materials pertaining to this case are deposited in the records of Armed Forces Institute of Pathology, Washington, D.C. (case no. AFIP 2584162).
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